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(57) ABSTRACT 

Conventional perpendicular writers that utilize an extended 
return pole are subject to large ?ux leakage. This problem 
has been reduced in the prior art by adding a downstream 
shield. This still leaves signi?cant upstream leakage. This 
has now been eliminated by adding an upstream shield and 
then connecting the up and downstream shields by using 
side shields. The latter need not extend all the way from the 
downstream to the upstream shield in which case their 
thickness is increased relative to the full side shields. 
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FULLY SHIELDED PERPENDICULAR 
RECODING WRITER 

FIELD OF THE INVENTION 

The invention relates to the general ?eld of magnetic disk 
systems With particular reference to magnetic Write heads 
for perpendicular designs, more speci?cally to ?ux leakage 
from the Write pole. 

BACKGROUND OF THE INVENTION 

Perpendicular magnetic recording (PMR) is important for 
the future of the magnetic recording industry because it 
offers higher areal density than the current longitudinal 
magnetic recording (LMR). This is due to the fact that the P 
medium is thermally more stable than that used for LMR. At 
present, LMR has achieved over 100 Gigabits per square 
inch (Gbpsi) in the laboratory and more than 60 Gpsi in 
products currently offered at the market place. In order to 
further extend the LMR recording density, tWo main 
obstacles have to be overcome. The ?rst one is the thermal 
stability of the LMR recording media Which arises because 
its thickness has to decrease to the extent that thermal energy 
could randomiZe the recorded bits. The second one is the 
ongoing increase in the Write ?eld needed to record on the 
high coercivity LMR media. 

This high coercivity is needed to achieve high bit reso 
lution and good thermal stability. Both obstacles to LMR 
could be considerably loWered if PMR Were deployed 
instead. Thicker PMR media With a magnetically soft under 
layer ?lm (SUL), could be used to alleviate the thermal 
stability problem. A PMR Writer provides a larger Write ?eld 
than that of LMR, Which is limited to the fringe ?eld from 
its Write gap. 
An example of a perpendicular Writer of the prior art is 

shoWn in FIG. 1. Magnetic yoke 11 is surrounded by ?eld 
coil 12 and includes main pole 13 that terminates as a Write 
pole tip at the recording surface. Return pole 14 conveys the 
magnetic ?ux generated by coil 12 doWn to Within a distance 
S of the recording surface 16 While doWnstream shield 15, 
running parallel to the recording surface, completes the 
magnetic circuit With the exception of gap g1 into Which 
some of the Write ?eld is diverted. The main ?ux passes 
through recording layer 17, into SUL 16, and then back up 
into doWnstream shield 15 on the far side of g1. 
One of the problems for a PMR Writer of the type seen in 

FIG. 1 is the extent to Which its Write ?eld spreads to its 
surroundings, thereby jeopardizing the stability of the 
recording bits. One approach to dealing With this has been 
the approach described above namely the introduction of a 
doWnstream shield (15 in FIG. 1) that is separated by a small 
gap (g1) from the PMR Write pole so as to minimiZe the 
amount of ?ux returned from the PMR media. HoWever, We 
have found that this solution to the Wide spreading fringe 
?elds problem is not quite adequate. 
As shoWn in the attached simulation plotsziFlG. 2a 

shoWs the ?eld plots for a single pole Writer Without a 
doWnstream shield While FIG. 2b shoWs the ?eld plots for a 
single pole Writer With a doWnstream shield, With the left 
side of the graph relating to the doWnstream end (i.e. the 
mirror re?ection of FIG. 1). It is clear that the doWnstream 
shield has indeed reduced side fringing in the doWnstream 
?elds, but there is still a large side fringing ?eld spread on 
the upstream side, affecting the adjacent track recording bits. 
In this case, there could be as much as 20% of the maximum 
Write ?eld applied to the adjacent upstream tracks Which 
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2 
could cause its randomiZation after repeated Writing in the 
presence of thermal disturbance. Such a situation is obvi 
ously very undesirable for high track density recording. 
A routine search of the prior art Was performed With the 

folloWing references of interest being found: 
In US. Pat. No. 4,656,546 (Mallory) describe a doWn 

stream shield. In US. Pat. No. 5,003,423, Imamura et al 
disclose pole shields on the sides, upstream, and doWn 
stream. Das, in US. Pat. No. 5,075,956, shoWs a magnetic 
pole With side shields. Gill et al in US. Pat. No. 5,621,592 
and also in US. Pat. No. 5,515,221, teach laminated shield 
layers. 

SUMMARY OF THE INVENTION 

It has been an object of at least one embodiment of the 
present invention to provide a magnetic Writer suitable for 
vertical recording. 

Another object of at least one embodiment of the present 
invention has been that said Writer have minimal upstream 
and doWnstream ?ux leakage. 

These objects have been achieved by adding upstream and 
side magnetic shields to the prior art structure and then 
connecting up and doWnstream shields by means of mag 
netic side shields. The latter need not extend all the Way 
from the doWnstream to the upstream shield in Which case 
their thickness is increased relative to full side shields. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a vertical magnetic Writer of the prior art. 
FIG. 2a is a ?eld plot in the vicinity of the Write pole 

shoWing that there is substantial magnetic ?eld leakage in 
both the up and doWnstream directions. 

FIG. 2b is a ?eld plot in the vicinity of the Write pole 
shoWing that the addition of a doWnstream shield can 
signi?cantly reduce doWnstream leakage but signi?cant 
upstream leakage is still present. 

FIG. 3 is a frontal vieW of the Write pole shoWing the up 
and doWnstream shields. 

FIG. 4 is an ABS vieW of a ?rst embodiment of the 
invention 

FIG. 5 is an ABS vieW of a second embodiment of the 
invention 

FIG. 6 is a ?eld plot in the vicinity of the Write pole, for 
the present invention, con?rming that there is noW negli 
gible magnetic ?ux leakage in both the up and doWnstream 
directions. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In this invention, We disclose a perpendicular magnetic 
Writer design With magnetic shields at both the leading and 
trailing edges of the Write pole, together With side shields. 
The invention has been realiZed in tWo embodiments. We 

start our description With the portion of these structures that 
is common to both of them: 

Referring initially to FIG. 1, magnetic yoke 11 is sur 
rounded by ?eld coil 12 and includes main pole 13 that 
terminates as a Write pole tip at the recording surface 17. 
Return pole 14 conveys the magnetic ?ux generated by coil 
12 doWn to Within a distance S of the recording surface 
While doWnstream shield 15, running parallel to the record 
ing surface, completes the magnetic circuit With the excep 
tion of gap g1 into Which some of the Write ?eld is diverted. 
The main part of the ?ux passes through recording layer 17, 
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into SUL 16, and then back up into downstream shield 15 on 
the far side of g1. Also seen in the ?gure is the read head 
assembly that comprises read head 19iusually a GMR 
(Giant Magneto-Resistance) headiWhich is magnetically 
shielded from both sides by read head shields 18 that are 
situated a short distance upstream from Write pole 13. Note 
that the terms ‘up’ and ‘doWn’ stream refer to Which part of 
the assembly reaches a given spot on the recording surface 
?rst. 

l“ Embodiment 

Referring noW to FIG. 3, We shoW a vieW of Write pole 13 
as it Would be seen When looking in direction D (of FIG. 1). 
Also seen in FIG. 3 is doWnstream shield 15 lying in a plane 
beloW that of the ?gure. This corresponds to What is shoWn 
in FIG. 1, but, in a departure from the prior art, upstream 
shield 32 has been inserted parallel to shield 15 located 
betWeen Write pole 13 and the closest of the tWo read head 
shields 18, so that it lies in a plane above that of the ?gure. 

An important additional novel feature is illustrated in 
FIG. 4. This is the inclusion of side shields 31a and 31b that 
magnetically connect the up and doWn stream shields to one 
another so the Write head is noW fully shielded on all four 
sides. This can be seen more clearly in FIG. 4 Which is an 
ABS vieW of the structure in the vicinity of the Write pole ie 
the vieW seen When looking up at the Air Bearing Surface 
(that parallels layer 17). 
The spacing betWeen upstream shield 32 and Write pole 

13 is betWeen about 0.1 and 1 microns While the spacing 
betWeen doWnstream shield 15 and Write pole 13 is betWeen 
about 0.03 and 0.2 microns. Side shields 31a and 31b are 
located betWeen about 0.05 and 0.2 microns from Write pole 
13 and they are betWeen about 0.1 and 5 microns Wide 
(along a direction normal to the plane of the ?gure). As a 
result, the bottom surfaces of the side shields Will, in 
general, be coplanar With the Write pole’s bottom surface. 

For the ?rst embodiment, the upstream leakage outside 
said side shields is less than about 10% While the doWn 
stream leakage outside the side shields is less than about 
10%. A detailed ?eld plot of for the area immediately around 
the Write pole can be seen in FIG. 6. This much improved 
magnetic isolation of the Write pole makes it possible for 
Write ?elds of up to about 12 kOe to be utilized. 

2'” Embodiment 

This embodiment is the same in its appearance as the ?rst 
embodiment When vieWed in direction D ie as seen in FIG. 
3 The differences betWeen the ?rst and second embodiments 
become clear by looking at FIG. 5 Which, like FIG. 4, is an 
ABS vieW. In this case, the side shields (noW designated as 
51) are magnetically connected to doWnstream shield 15 but 
do not extend all the Way to upstream shield 32. Typically, 
side shields 51 extend from doWnstream shield 15 to Within 
1 micron of upstream shield 32. Because of this, it is 
necessary that they be thicker than 3111 and 31b, typically 
having thicknesses betWeen about 0.1 and 5 microns. 

For the second embodiment, the upstream leakage outside 
the side shields is less than about 10% While the doWnstream 
leakage outside the side shields is less than about 10%. A 
detailed ?eld plot for the area immediately around the Write 
pole can be seen in FIG. 6. This much improved magnetic 
isolation of the Write pole makes it possible for Write ?elds 
of up to about 12 kOe to be utiliZed. 
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What is claimed is: 
1. A method to eliminate doWnstream ?ux leakage from a 

perpendicular magnetic Writer, comprising: 
providing a magnetic yoke having ?rst and second non 

parallel parts, said ?rst part terminating as a doWn 
stream shield having a planar loWer surface; 

providing a conductive coil that surrounds said yoke; 
providing a main pole having ?rst and second ends; 
the ?rst end of the main pole being in magnetic contact 

With the magnetic yoke’s second part, extending there 
from so that its second end is a perpendicular Write pole 
having a bottom surface that is coplanar With said 
doWnstream shield loWer surface; 

said doWnstream shield being spaced a ?rst distance from 
said Write pole; 

providing a read head shield located upstream from said 
Write pole; 

inserting an upstream shield betWeen the Write pole and 
the read head shield, said upstream shield being spaced 
a second distance from the Write pole; and 

magnetically connecting said upstream and doWnstream 
shields by means of side shields located on opposing 
sides of the Write pole. 

2. The method described in claim 1 Wherein said ?rst 
distance, betWeen said doWnstream shield and said Write 
pole, is betWeen about 0.03 and 0.2 microns. 

3. The method described in claim 1 Wherein said second 
distance, betWeen said upstream shield and said Write pole, 
is betWeen about 0.1 and 1 microns. 

4. The method described in claim 1 Wherein upstream 
leakage outside said side shields is less than about 10%. 

5. The method described in claim 1 Wherein downstream 
leakage outside said side shields is less than about 10%. 

6. The method described in claim 1 Wherein said Write 
pole can safely provide a Write ?eld of up to about 12 kOe. 

7. The method described in claim 1 Wherein said side 
shields are betWeen about 0.05 and 0.2 microns from said 
Write pole. 

8. The method described in claim 1 Wherein said side 
shields are betWeen about 0.1 and 5 microns Wide. 

9. The method described in claim 1 Wherein said side 
shields have bottom surfaces that are coplanar With said 
Write pole bottom surface. 

10. A method to eliminate doWnstream ?ux leakage from 
a perpendicular magnetic Writer, comprising: 

providing a magnetic yoke having ?rst and second non 
parallel parts, said ?rst part terminating as a doWn 
stream shield having a planar loWer surface; 

providing a conductive coil that surrounds said yoke; 
providing a main pole having ?rst and second ends; 
the ?rst end of the main pole being in magnetic contact 

With the magnetic yoke’s second part, extending there 
from so that its second end is a perpendicular Write pole 
having a bottom surface that is coplanar With said 
doWnstream shield loWer surface; 

said doWnstream shield being spaced a ?rst distance from 
said Write pole; 

providing a read head shield located upstream from said 
Write pole; 

inserting an upstream shield betWeen the Write pole and 
the read head shield, said upstream shield being spaced 
a second distance from the Write pole; and 

attaching to said doWnstream shield side shields located 
on opposing sides of the Write pole and having a 
thickness of at least 0.1 microns, that extend from said 
doWnstream shield to Within 1 micron of said upstream 
shield. 
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11. The method described in claim 10 wherein said ?rst 
distance, between said downstream shield and said write 
pole, is between about 0.03 and 0.2 microns. 

12. The method described in claim 10 wherein said 
second distance, between said upstream shield and said 
write pole, is between about 0.1 and 1 microns. 

13. The method described in claim 10 wherein upstream 
leakage outside said side shields is less than about 10%. 

14. The method described in claim 10 wherein down 
stream leakage outside said side shields is less than about 
10%. 

15. The method described in claim 10 wherein said write 
pole can safely provide a write ?eld of up to about 12 kOe. 

16. The method described in claim 10 wherein said side 
shields are between about 0.05 and 0.2 microns from said 
write pole. 

17. The method described in claim 10 wherein said side 
shields are between about 0.1 and 1 microns wide. 

18. The method described in claim 10 wherein said side 
shields have bottom surfaces that are coplanar with said 
write pole bottom surface. 

19. A perpendicular magnetic writer, comprising: 
a magnetic yoke having ?rst and second non-parallel 

parts, said ?rst part terminating as a downstream shield 
having a planar lower surface; 

a conductive coil that surrounds said yoke; 
a main pole having ?rst and second ends; 
the ?rst end of the main pole being in magnetic contact 

with the magnetic yoke’s second part, extending there 
from so that its second end is a perpendicular write pole 
having a bottom surface that is coplanar with said 
downstream shield lower surface; 

said downstream shield being spaced a ?rst distance from 
said write pole; 

a read head shield located upstream from said write pole; 
an upstream shield between the write pole and the read 

head shield, said upstream shield being spaced a second 
distance from the write pole; and 

side shields, on opposing sides of the write pole, that 
magnetically connect said upstream and downstream 
shields. 

20. The magnetic writer described in claim 19 wherein 
said ?rst distance, between said downstream shield and said 
write pole, is between about 0.03 and 0.2 microns. 

21. The magnetic writer described in claim 19 wherein 
said second distance, between said upstream shield and said 
write pole, is between about 0.1 and 1 microns. 

22. The magnetic writer described in claim 19 wherein 
upstream leakage outside said side shields is less than about 
10%. 
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23. The magnetic writer described in claim 19 wherein 

downstream leakage outside said side shields is less than 
about 10%. 

24. The magnetic writer described in claim 19 wherein 
said write pole can safely provide a write ?eld of up to about 
12 kOe. 

25. The magnetic writer described in claim 19 wherein 
said side shields are between about 0.05 and 0.2 microns 
from said write pole. 

26. The magnetic writer described in claim 19 wherein 
said side shields are between about 0.1 and 5 microns wide. 

27. The magnetic writer described in claim 19 wherein 
said side shields have bottom surfaces that are coplanar with 
said write pole bottom surface. 

28. A perpendicular magnetic writer, comprising: 
a magnetic yoke having ?rst and second non-parallel 

parts, said ?rst part terminating as a downstream shield 
having a planar lower surface; 

a conductive coil that surrounds said yoke; 
a main pole having ?rst and second ends; 
the ?rst end of the main pole being in magnetic contact 

with the magnetic yoke’s second part, extending there 
from so that its second end is a perpendicular write pole 
having a bottom surface that is coplanar with said 
downstream shield lower surface; 

said downstream shield being spaced a ?rst distance from 
said write pole; 

a read head shield located upstream from said write pole; 
an upstream shield between the write pole and the read 

head shield, said upstream shield being spaced a second 
distance from the write pole; and 

attached to said downstream shield, side shields, located 
on opposing sides of the write pole and having a 
thickness of at least 0.1 microns, that extend from said 
downstream shield to within 1 microns of said 
upstream shield. 

29. The magnetic writer described in claim 28 wherein 
said ?rst distance, between said downstream shield and said 
write pole, is between about 0.03 and 0.2 microns. 

30. The magnetic writer described in claim 28 wherein 
said second distance, between said upstream shield and said 
write pole, is between about 0.1 and 1 microns. 

31. The magnetic writer described in claim 28 wherein 
upstream leakage outside said side shields is less than about 
10%. 

32. The magnetic writer described in claim 28 wherein 
downstream leakage outside said side shields is less than 
about 10%. 
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